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suspended in 150 µl of buffer-2 (lysis buffer with 0.25 M Sucrose and 0.25% NP-40) and homogenized 8-10 times as above and centrifuged. The supernatant was discarded. The remaining pellet was re-suspended in 150 µl of buffer-3 (lysis buffer with 2.0 M sucrose) and homogenized 3-5 times as above again. The resulting suspensions were centrifuged at 4000 X g for 15 min at 4° C. The supernatant was discarded and the remaining nuclear pellet was resuspended using 75 µl of urea-salt-RIPA Buffer (USR Buffer) with vortexing 5 times every 5 min at 4°C. The nuclear suspensions were next sonicated 3x for 10 sec, centrifuged at 16,000 X g for 10 min at 4°C. The supernatant was transferred to a new tube and stored at -80 0 C as NE and used for quantification of modified histones. Protein concentrations in the extracts were determined using Bio-Rad DC protein analysis kit. About 10-15 µg of protein were used for western blotting.
RNA extraction: Cell pellets were re-suspended in 400 µl of TRI REAGENT (SIGMA, T9424), transferred into a 2 ml dounce homogenizer and homogenized 5 x with pestle B.
Homogenized samples were collected into 1.5 ml centrifuge tubes and RNA isolated according to the manufacturer's instructions.
Western blotting: WCE were used for western blotting of CYP2E1 and 20 µg of protein per lane was loaded. Western blotting for histones and proteins smaller than 50 KD was performed in 12.5 % mini-gels and for all other proteins in 10% mini-gels. The immunoblots were quantified by imaging (Aroor et al, 2014) .
HDAC assay: A HDAC Fluorometric Assay Kit, (Millipore, Temecula, CA) was used. A Spectramax M2 (Molecular Devices, LLC) fluorescence microplate reader was used.
Determination of ROS: For the assessment of ROS produced by ethanol, cells were grown in 6 well plates for 23 hr in phenol free DMEM media and the DCF-DA assay was used. The method was slightly modified from previously described technique (Sheehan et al, 1997) ;
instead of HKRB buffer, phenol free media was used. DCF-DA was added to the wells and incubated for 1hr. During this time they were shielded from light. After 1 hr the media containing excess DCF was removed from the cells and replaced with fresh DMEM media.
Fluorescent intensity of the cells was measured by excitation at 485 nm and emission at 520 nm using a Fuji LAS-3000 imager. The imager measured fluorescence in the linear range before saturation occurred. The background values were appropriately subtracted using Fuji
Multi-gauge software before the data were calculated and analyzed.
PCR: cDNA was made using High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA). Primers for probing various genes (see Table 1 in the supplementary material) were supplied by IDT (Coralville, IA, USA). A CFX96™ Real-Time PCR Detection System (Bio-Rad) was used.
Results

Dose and time dependent effects of acetate on histone acetylation
Ethanol treatment of hepatocytes has been shown to cause an increase in H3AcK9 in a dose dependent manner with increases noted at as low as 5 mM and with a peak at 100 mM (Park et al, 2003) . This was also time dependent with a peak at 24 h after ethanol treatment. It should be mentioned that 100mM ethanol is a concentration that has been observed in chronic alcoholics and binge drinkers (Shukla et al, 2013) . In a rat model that was treated with chronic
ethanol followed by 3 binge doses of ethanol, the serum levels of ethanol reached 117 mM (Aroor et al, 2011 (Topping et al, 1984) , and blood level of acetate can reach 2.5-3 mM in rats and rabbits following acute administration of ethanol (Suokas et al, 1984; Fujimiya et al, 2003) . In human chronic alcoholics, blood acetate levels close to 2 mM have been reported (Nuutinen et al, 1985) . Intraperitoneal administration of acetate in mice elevated acetate levels in plasma up to 10 mM (Ishiguro et al, 2007) . It is likely that the local concentration of acetate in and around hepatocytes where ethanol metabolism occurs may be much higher than the serum levels. In order to generate a dose response profile we used the range of 1 to 10 mM acetate (sodium salt), which covers both the physiological and pathological/toxicological levels. Acetate caused an increase in H3AcK9 at concentrations above 1.0 mM and this increase continued to a maximum at 10mM with an EC50 value of 5 mM ( Fig. 1) . At concentration of acetate 15 mM or higher a decrease in the degree of induction of H3AcK9 was observed. We next examined the time dependency of
acetate induced changes in H3AcK9 and used 10 mM acetate to increase the detection sensitivity. In contrast to ethanol's peak effect at 24 h, the acetate induced increase in H3AcK9 was highest at 4 h and remained at that level at 10 h with a small decrease at 24 h (Fig. 2) . We chose to use 10 mM acetate for this and other experiments in order to make it easier to follow the changes. We have shown earlier that treatment of hepatocytes with acetaldehyde causes increases in H3AcK9 in hepatocytes (Shukla et al, 2007) . However, due to toxic vapors and volatility of acetaldehyde it is not easy to manipulate the acetate levels in hepatocytes by exposing with acetaldehyde. In this regards, it has been shown that ethanol induced increases It has been reported that hepatocytes placed into an incubation medium where most of the chloride anion was replaced by high concentrations of sodium or potassium acetate (142 or 150mM respectively) resulted in a rapid and transient decrease in intracellular pH which was followed by cell swelling as the intracellular pH equilibrated with the extracellular pH (Stewart, 1989) . In the present study, incubation of primary hepatocytes in culture medium with acetate (0-20 mM range) for 24 h did not alter the pH of the medium. It was shown (Stewart, 1989) that at a more physiological pH of 7.4, the volume increase was only about 10% in 20-40 minute time frame. The paper also showed that
hepatocytes incubated with ethanol and the resulting acetic acid formation did not cause Na:H exchanger mediated cellular swelling. Since our experiments were performed in a bicarbonate-buffered cultured medium at a physiological pH containing normal concentrations of chloride and relatively low acetate concentrations (≤10mM), we consider it unlikely that either a rapid/transient acidification or a small increase in cell volume, if they occur at all, would be responsible for the change in histone acetylation that occurs several hours later. Increases in histone acetylation were not apparent at 1 h, was noticeable at 2 h with further increases at 4 h and 10 h (Fig. 2) . Thus histone acetylation is observed at much lower acetate concentrations and at longer times as opposed to the reported cell volume changes that occur at very high acetate concentrations and are rapid & transient.
Effect of acetate on ROS production
Ethanol is known to induce oxidative stress via increasing ROS (Cederbaum, 2012) . To determine the involvement of ROS, we monitored the production of ROS by ethanol and acetate in hepatocytes using the DCF assay. Ethanol significantly increased ROS at 24 h, an observation consistent with other reports (Cabrales-Romero et al, 2006) . In contrast to ethanol, acetate at 1, 5 or 10 mM was unable to elicit any increase in ROS levels at 24 h (or at earlier time points, not shown).
Effect of MAP Kinase inhibitors on acetate and ethanol induced histone acetylation
Hepatocytes were treated with acetate in the presence or absence of ERK1/2 inhibitor U0126 (10 µM) or JNK inhibitor SP600125 (30 µM) for 24 h. Levels of H3AcK9 was similar for acetate
with or without U0126 or SP600125 (Fig. 4 , left panel). Thus MAP kinase inhibitor for ERK1/2 and JNK were without effect on acetate induced H3AcK9 increase. However, increases in H3AcK9 by ethanol were attenuated by U0126 and SP 600125 by about 30 % and 60 %, respectively (Fig. 4, right panel) . This reflected differences in the involvement of MAP kinases between ethanol and acetate.
Differences in dual modification (phospho-acetylation) of histone H3 by acetate and ethanol
In primary hepatocytes ethanol increased histone H3 phosphorylation at serine-10 and serine-28 residues (Lee & Shukla, 2007) . This has also been shown to occur in vivo (James et al, 2012) . Furthermore, ethanol in vivo caused increases in the dually modified histone H3, i.e.
acetylated at lys 9 and phosphorylated at serine 10 (H3AcK9PS10) (James et al, 2012; Aroor et al, 2014) . Whether this unique dual modification also occurs in primary hepatocytes remained unknown. We have therefore investigated the effect of acetate or ethanol treatment on H3AcK9PS10 levels. While both agents caused some increases in H3AcK9PS10, the ethanol induced changes were more pronounced, almost twice that observed with acetate ( Fig.   5 ).
Effect of acetate on HDAC activity in vitro
We next compared the effect of ethanol and acetate on HDAC activity. Ethanol has been shown earlier to increase HAT activity in hepatocytes with no effect on HDAC activity (Park et al, 2005) . We tested the effect of acetate on HDAC activity using HELA cell extract, a rich source for HDAC. The in vitro addition of 5 and 10 mM acetate decreased HDAC activity by 50
and 60 %, respectively, indicating that acetate inhibited HDAC (Fig. 6) . The known HDAC inhibitor trichostatin A (TSA) was also included for comparison. In this experiment we also
examined the influence of propionate (metabolite of propanol) and butyrate (metabolite of butanol). They also inhibited HDAC about 90 % (data not shown).
Effect of ethanol and acetate on the levels of CYP2E1, and P-H2AX in hepatocytes
Chronic exposure to ethanol causes induction of CYP2E1 resulting in the production of ROS.
Increased ROS can initiate lipid peroxidation leading to cytotoxic effects (Lieber, 2004; Cederbaum, 2012) . In the next series of experiments we monitored the protein and mRNA levels of CYP2E1 after ethanol (100 mM) and acetate (10 mM) treatments of hepatocytes up to 24h ( Fig. 7 and Fig. 8 ). Ethanol significantly increased CYP2E1 protein levels in whole cell extracts in a time dependent manner with highest effect (about 4 fold over control) at 24 h treatment (Fig. 7) . Interestingly ethanol induced increase in CYP2E1 was statistically significant for the protein levels but not for the mRNA (Fig. 8) . In contrast, acetate had no effect on the mRNA level of CYP2E1 and caused only a statistically significant but very small increase in the protein level that reached a plateau (less than 2 fold) after 10 h (see Fig. 7 
& 8).
Histone H2AX (H2AX) is one of core histone proteins in the nucleosome. The phosphorylated form of H2AX (at ser-139) is produced as a result of DNA double-strand breaks (DSBs) caused by external/toxic agents (Rogakou et al, 1998) . Phospho-H2AX (abbreviated as P-H2AX or -H2AX) is a major hallmark of DSB recognition. Increases in the levels of P-H2AX are therefore reflective of double DNA breaks (Smeenk and Attikum, 2013). In the context of our histone modification studies, we therefore addressed this issue and monitored the levels of P-H2AX in hepatocytes treated with ethanol and acetate. Ethanol caused a statistically significant rise in the P-H2AX whereas acetate was without effect (Fig. 9 ) indicating clear differences between ethanol and its metabolite.
respectively. Oxidative stress has been demonstrated to be involved in the ethanol induced increases in H3AcK9 (Choudhury et al, 2010) . It is well recognized that oxidative stress plays a role in the damaging effects of ethanol. It is therefore plausible that the ROS-independent acetate-induced increase in H3AcK9 may not be involved in the damage caused by ethanol. As described in the results the acetate effect on H3AcK9 is unlikely due to change in pH or cell volume under conditions examined in the present study.
It is noteworthy that ethanol elicited increases in P-H2AX and also in CYP2E1 protein, whereas acetate had negligible effect on both. The differences in the ethanol and acetate often linked to changes in gene expression, it would be important to determine if and how ethanol and acetate induced histone modifications are causally linked to the changes in mRNA levels.
Based on our observations, a diagram illustrating the mechanistic differences in histone H3
acetylation by ethanol and acetate are shown in Fig. 11 . This study also highlights the point that manipulation of ethanol metabolism and its metabolites (e.g. acetate) may be a promising avenue to modulate histone modifications. Increase in the levels of acetate will inhibit HDAC and the resulting increase in H3AcK9 will likely represent a different pool of histones than those increased by ethanol. These different histone pools and their modifications may be associated with different genes and may result in different consequences downstream. The type of HDAC affected by ethanol and acetate and their role(s) in hepatic damage also remain unknown. The present investigation sets the stage to address these questions in future. Dependence on blood acetate concentration of the metabolic effects of ethanol in perfused rat liver. Biochim Biophys Acta 800: 103-105.
Weng, Y and Shukla, SD ( Hepatocytes were treated with ethanol or acetate as in Fig. 2 for 24 h and the levels of dually modified histone H3 i.e. acetylated at lys 9 and phosphorylated at S10 (H3AcK9PS10) were monitored using western blotting. Asterisks show statistically significant change over control (p<0.05; n=3). C: Control; A: Acetate; E: Ethanol. Primary hepatocytes were treated with ethanol (100 mM) or acetate (10 mM) for different times and proteins levels of CYP2E1 were determined using western blotting. Data points are mean ± SEM of 2-3 experiments. Asterisks show significant change over control (p<0.05) Figure 8 . Acetate and ethanol effect on CYP2E1 mRNA and protein levels in hepatocyte.
Primary hepatocytes from rat liver were treated with ethanol (100 mM) or acetate (10 mM) for 24 h and levels of CYP2E1 mRNA and protein were monitored. Data points are mean ± SEM, n=2-3 experiments where each treatment was done in triplicates. Asterisks show significant change over control (p<0.05). Fold change was calculated using the delta-delta method with GAPDH as the housekeeping gene. Primary hepatocytes were treated with acetate or ethanol as in Fig. 8 . Levels of mRNA were determined by RT-PCR using primers shown in Table 1 . Fold change was calculated using the delta-delta method with GAPDH as the housekeeping gene. Results represent three separate experiments for PPAR and 5 experiments for other genes. 
